In recent years, several studies concerning slight dyschromatopsia and color vision deficiencies in workers exposed to organic solvents have been published [1] [2] [3] . Only a few studies, however, focused on mixtures of organic solvents 4, 5) . Most of these found significant associations between the degree of exposure and the impairment of color vision. The main purpose of this study was to examine whether painters with long-term exposure to mixtures of organic solvents show impairments in color vision performance. Furthermore, the question of an association between color vision ability and symptoms of neurotoxic effects in the central nervous system was evaluated.
The study population consisted of 140 male painters with a mean age of 43 (25-62) years and a mean employment duration of 26 years. The subjects were a random subsample of a study population of 440 painters who were examined to explore neurotoxic effects of a chronic solvent exposure mainly to the central nervous system 6) . Participation was voluntary and informed consent was obtained for all examination procedures. All study participants were subjected to a thorough clinical, neurological, psychiatric, neuropsychological and neurophysiological examination. General and occupational history, including alcohol consumption and smoking habits, were obtained using standardized questionnaires. Details of selection and methods see elsewhere 6, 7) . Time and personal constrains did not allow to study the color vision of all participants. It was also not possible to perform detailed ophthalmic measures as visual acuity or myopia. We used the Lanthony Desaturated Panel-D-15 test (LDP-D15) to evaluate a possible decrease in color vision ability 8) . conditions.
There was an exposure free interval of at least 12 hours before testing. Therefore acute effects of solvent exposure seem unlikely. Painters with congenital dyschromatopsia, colored glasses or contact lenses were excluded. Because of a close time schedule the examination were performed binocularly. The Color-Confusion-Index (CCI) according to Bowman was calculated 9) . Any impairment of color vision is shown by a CCI score above 1.0. As no adequate controls could be examined, we used reference values from literature to evaluate the CCI results 10) . To explore possible associations between color vision and symptoms we applied a questionnaire for solvent related neurotoxic complaints. We used a translated and modified German version of the Q16 11) . The painters worked in average 27 years (range: 10 to 46 years). The occupational history of each painter was assessed with a standardized questionnaire on items such as type of paints and lacquers used, frequency of use, application techniques and workplace conditions. The questions were answered separately for the past 12 months and for the period before this date 6) . Solvent exposure was measured by personal air monitoring at typical workplaces. Toluene, xylenes and solvent mixtures, such as white spirit or hydrocarbon solvents, were mainly found in air samples 6) . In order to examine exposure-effect relationships, two indicators were used. II. Chronic exposure: The chronic exposure index (CEI) is a cumulative measure of the solvent exposure during the whole working life.
The statistical analysis was performed with SPSS software. For statistical analysis rank-correlation and logistic regressions were calculated. We dichotomised the results of dyschromatopsia data into normal (CCI=1.0) and abnormal (CCI>1.0) values. Age, reported alcohol consumption and smoking habits were used as covariates. We list the regression coefficients (B) and the statistical probabilities (p). Results of the statistical analysis are described as significant if p<0.05.
In Table 1 the median values and the 95th percentiles of the CCI as well as reference values are presented. Painters 25 to 55 years old showed higher median CCI values than the corresponding reference group. This difference was not found in older painters. The results of the logistic regression analyses including exposure indices, age, alcohol consumption and smoking habits and are presented in Table  2 . No significant statistical correlation between CCI and the actual exposure index or the chronic exposure index could be found. The CCI showed significant association with age and a clear-but not significant-association with the reported averaged alcohol consumption. The mean number of complaints reported in the Q18 was 2.2 with a median of 1.0 and a range of 0 to 9. Twenty-nine of the results are 
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marked above the cut-off point of 5 or more complaints (21%). Logistic regression analysis showed no significant association between the CCI and the Q18 result (p=0.66). As a main result, painters in the age group 25 to 55 years showed slightly reduced color vision ability. This reduction could not be found in elderly workers (56-62 years). Their CCI values were even lower than in 36 to 55 year old persons. This result may be due by chance, because of small sample size. There are only 21 painters in this age group. Because there was no control group available we used the results of unexposed men studied by Muttray et al. 9) as reference values. In this context it is to mention, that in contrast to Muttray et al. 9) we examined both eyes at once. Therefore we compared our results with the lower CCI 95 percentile value of either the right or left eye respectively. This procedure will rather overestimate possible differences between the results of the painters and the reference values.
Workers with known congenital color vision defects were not included in the study. Ametropic eye refractions were corrected by wearing untinted glasses during examination. Therefore we assume that the lack of measures of visual acuity does not affect our results.
Our results are in accordance with the outcome of other studies. Muttray et al. 4) examined 24 workers exposed to mixtures of solvents and 24 controls. They found a significantly lower CCI (median: 1.0) in exposed than in controls (1.17). Semple et al. studied 68 dockyard painters with the LDT-D15 5) . They also found significant associations between the increasing annual exposure to mixed solvents and a reduced CCI. The non significant association between chronic exposure index and CCI does not rule out an exposure-effect relationship. The painters were a rather inhomogenous group with respect to solvent exposure as well as the time interval between end of work and examination. Additionally the CEI is only a crude estimation of the amount of past exposure to complex solvent mixtures.
Disturbances of color vision seem not to be specific to definite solvents or solvent mixtures 13) . Although several possibilities have been presented, the pathogenesis of solventinduced dyschromatopsia is still unknown. For instance, the blue-yellow range of color vision, which is the range mostly affected by solvent exposure in the beginning, suggests a more external retinal dysfunction according to Kollner's rule 14) . As an alternative it is also possible that the color vision dysfunction is the result of a toxic response of the optic nerve and the central nervous system. This hypothesis is supported by the well-known CNS-effects of solvents in exposed workers. In accordance with the first hypothesis is the finding that there was no significant relationship between CCI-values and the scores in Q18. This suggests a different mechanism because neuropsychologic symptoms are sensitive to solvent induced effects on the central nervous system. This finding confirms to the results of Semple et al. 5) , who did not find differences between participants with few and multiple neuropsychological symptoms in the Q16 concerning the CCI values (1.35 vs. 1.34).
The observed color vision dysfunctions escape the participants notice. They are not relevant from a clinical point of view. Muttray et al. 4) showed that CCI values of this magnitude do not restrict the suitability of workers, even in occupations such as printing, in which good color vision is usually necessary. Solvent induced color vision dysfunction is to a great extent or even completely reversible after exposure stops as was shown in the case of tetrachlorethylene and styrene 3, 15) . Triebig et al. 3) recently described, that the effect of styrene exposure on color vision is completely reversible after the exposure was stopped for 4 weeks, and partly reversible after a weekend without exposure.
As conclusion, a slightly reduced color vision performance in painters chronically exposed to a mixture of organic solvents was found; we recommend further studies to explore if the color confusion index is an appropriate indicator of early neurotoxic effects of organic solvents.
